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MONO-DIAMETER WELLBORE CASING 
Cross Reference To Related Applications 
This application is a continuation-in-part of U.S. utility application serial number 
09/454,139, attc^y docket number 25791.3.02. filed on 12/3/1999, which claimed tiie 

5 benefit of the filing date of U.S. provisional patent application serial number 

60/111 ,293. attorney docket number 25791.3, filed on 12/7/1998. the disclosures of 
which are incorporated herein by reference. 

This application is related to Vne following: (1 ) U.S. patent application ser^l no. 
09/454,139, attorney docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent 

1 0 application serial no. 09/51 0.91 3, attorney docket no. 25791 .7.02, filed on 2/23/2000, 
(3) U.S. patent application serial no. 09/502.350, attorney docket no. 25791.8.02, filed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523,460, 
attorney docket no. 25791 . 1 1 .02, filed on 3/10/2000, (6) U.S. patent application serial 

15 no. 09^12,895. attorney docket no. 25791.12.02. filed on 2/24/2000, (7) U.S. patent 
applicatton serial no. 09/51 1 .941 . attorney docket no. 25791 .16.02, filed on 2/24/2000, 
(8) U.S. patent appltoaflon serial no. 09/588.946. attorney docket no. 25791.17.02, filed 
on 6/7/2000, (9) U.S. patent application serial no. 09/559,122. attiam^ docket no. 
25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no. 

20 PCT/USOO/18635, attorney docket no. 25791 .25.02, filed on 7/9/2000, (1 1) U.S. 

provisional patent application serial no. 60/162,671 . attorney docket no. 25791.27, filed 
on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154.047. attorney 
docket no. 25791.29, filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. 

25 provisional patent application serial no. 60/1 59,039, attorney docket no. 25791 .36, filed 
on 10/12/1999. (15) U.S. provi8k>nal patent application serial no. 60/159,033. attorney 
docket no. 25791.37. filed on 10/12/li999, (16) U.S. provistonal patent application serial 
no. 60/212,359, attorney docket no. 25791 .38. filed on 6/19/2000, (17) U.S. provisional 
patent application serial no. 60/165,228, attorney docket no. 25791 .39, filed on 

30 1 1/12/1999, (18) U.S. provistonal patent application serial no. 60/221.443. attorney 
docket no. 25791 .45, filed on 7/28/2000, (19) U.S. proviskinal patent applteation serial 
no. 60/221.645. attorney docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional 
patent application serial no. 60/233.638, attorney docket no. 25791.47, filed on 
9/18/2000, (21) U.S. provisional patent api^ication serial no. 60/237,334. attorney 

35 docket no. 25791 .48. filed on 1 0/2/2000, and (22) U.S. provisional patent applteation 
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serial no. 60/262,434. attorney docket no. 25791.51. filed on 1/17/2001, the disclosures 
of vvhich are incorporated herein by reference. 

Background of the Invention 
This inventk3n relates generally to wellt>ore casings, and in particular to wellt>ore 

5 casings that are formed using expandable tubing. 

Conventionally, when a wellbbre is created, a numt>er of casings are installed in 
the borehole to prevent collapse of the borehole wall and to prevent undesired outflow 
of drilling flukl into the formation or inflow of fluid from the formation into the borehole. 
The borehole is drilled in Intervals whereby a casing which is to t>e installed in a lower 

1 0 borehole inten^l is lowered through a prevtoi^ installed casing of an upper borehole 
inten^i. As a consequence of this procedure the casing of the lower interval Is of 
smaller diameter than the casing of the upper Inten^l. Thus, the casings are in a 
nested anangement with casing diameters decreasing in downward directton. Cement 
annul! are provided between the outer surface of the casings and the borehole wall to 

15 seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter Involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig tinf)e is involved due to required cement pumping, 

20 cement hardening, required equipment changes due to large variations in hole 

diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention directed to overcoming one or more of the limitations of 
the existing procedures for forming new secttons of casing in a wellbore. 
25 Summary of the Invention 

According to one asp^ of the present inverttion, an apparatus for forming a 
wellbore casing in a t)orehole located in a subterranean formation including a 
preexisting wellbore casing is provided that includes a support memt>er Including a firet 
fluid passage, an expansion cone coupled to the support memk>er Including a secoruj 
30 fluid passage flukJidy coupled to the first fluid passage, an expandable tubular liner 
movably coupled to the expansion cone, and ah expandable shoe coupled to the 
expandable tubular liner. 

According to another aspect of the present invention, a shoe is provided that 
includes an upper annular portion, an intermediate annular portton, and a lower annular 
35 portion. The intermediate annular portion has an outer drcunrrference that is larger 
than the outer drcumferenoes of the upper and lower annular portions. 
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According to another aspect of the present invention, a method 
wellbOTB casing In a subterranean formation having a preexisting wellbore casing 
positioned in a borehole is provided that includes installing a tubular liner, an expansion 
cone, and a shoe in the borehole, radially expanding at least a portion of the shoe by 
5 injecting a fluidic material into the shoe, and radially expanding at least a portion of the 
tubular liner by injecting a fluidic material into the borehole below the expansion cone. 

According to another aspect of the present Invention, an apparatus for fonning 
a wellbore casing in a subtenranean formation having a preexisting wellbore casing 
positioned in a borehole is provided that includes means for Installing a tubular liner, an 
1 0 expansion cone, and a shoe in the borehole, nrmans for radially expanding at least a 
portion of the shoe, and means for radially expandir^ at least a portion of the tubular 
liner. 

According to another aspect of the present invention, an apparatus for fbnmlng 
a welitx)re casing within a subterranean formation including a preexteting wellbore 

15 ca^ng positioned in a borehole is provided that includes a tubular liner, and means for 
radially expanding and coupling the tubular liner to an overtapping portion of the 
preexisting wellbore casing. The inside dianrrater of the radially expanded tubular liner 
is substantially equal to the Inside diameter of a non-overtapping portion of the 
preexisting wellbore casing. 

20 According to another aspect of the present Invention, a wellbore casing 

positioned in a borehole within a subtenBnean formation is provided that includes a first 
wellbore casing, and a second wellbore casing coupled to and overtapping with the first 
wellbore casing. The second wellbore casing is coupled to Vtte first wellbore casing by 
the process of: installing the second wellbore casing, an expansion cone, and a shoe In 

25 the borehole, radially expanding at least a portion of the shoe by injecting a fluidic 
material into the shoe, and radially expanding at least a portion of the second wellbore 
casing by Injecting a fluidic material into the borehole below the expansion cone. 

According to another aspect of the present Invention, a method of forming a 
tubular structure in a subterranean fonnation having a preexisting tubular member 

30 positioned In a borehole is provided that includes installing a tubular liner, an expansion 
cone, and a shoe in the borehole, radially expanding at least a portion of the shoe by 
injecting a fluidic material Into the shoe, and radially expanding at least a portion of the 
tubular liner by injecting a fluidic material Into the t>orehole below the expansion cone. 
According to another aspect of the present invention, an apparatus for forming 

35 a tubular structure in a subterranean fonnation having a preexisting tubular member 
positioned in a borehole provided that includes means for Installing a tubular liner, an 
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expansion cone, and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and nneans for radially expanding at least a portion of the tubular 
liner. 

Acoordtng b another aspect of the present invention, an apparatus for forming 

5 a tubular stnjcture within a subterranean formation including a preexisting tubular 
member positioned In a borehole is provided that includes a tubular liner and means for 
radially expanding and coupling ttie tubular liner to an overlapping portion of the 
preexisting tubular member. The inside diameter of the radially expanded tubular liner 
is substantially equal to the inside diameter of a non-overlapping portion of the 

10 preexisting tubular member. 

According to another aspect of the present invention, a tubular structure 
positioned in a borehole within a subterranean formation is provided that includes a first 
tubular member and a second tubular nnember coupled to and overlapping with the first 
tubular member. The second tubular member is coupled to tfie first tubular member by 

15 the process of: installing the second tubular memt>er, an expansion cone, and a shoe 
in the borehole, radially expanding at least a portion of the shoe by injecting a fluidic 
material into the shoe, and radially expanding dt least a portion of the SMond tubular 
member by irijecUng a fluidic material into the t>orehole below the expansion cone. 

Brief Description of the Drawings 

20 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a nrK>no-diameter wellbors casing within the 
new section of the well borehole of FIG; 1. 

25 FIG. 2a is a cross-secUoriai view of a portion of the shoe of the apparatus of 

FIG. 2. 

FIG 2b is a cross-sectional view of another portion of the shoe of the apparatus 
of FIG. Z 

FIG. 2c Is a cross-sectior^al view of another portion of the shoe of the apparatus 
30 of FIG. 2. 

FIG. 2d Is a cross-sectional view of another portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2e is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 2a 
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FIG. 3 is a fragmentary ocss-sectional view illustrating the injection of a 
hardenable fiuidic sealing nnateriai through the apparatus and into the new section of 
the well t>orehole of FIG. 2. 

FIG. 3a Is a cross-secUonai view of a portion of the shoe of the apparatus of 

5 FIG, 3. 

FIG. 3b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 3a. 

FIG. 4 is a fragmentary cross-secUonal view Illustrating the injection of a fiuidic 
material into the apparatus of FIG. 3 in OTder to fiuidiciy isolate the interior of the shoe. 
10 FIG. 4a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b is a cross-secUonal view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG. 5 is a cross-sectional view illustrating the radial expansion of the shoe of 

15 FIG. 4. 

FIG. 6 Is a cross-secUonal view illustrating the lowering of the expandable 
expansion cone Into the radially expanded shoe of the apparatus of FIG. 5. 

FIG. 7 is a cross-sectional view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 6. 
20 FIG. 8 is a cross-sectional view illustrating the injection of fiuidic rrmte^ 

the radially expanded shoe of the apparatus of FIG. 7. 

FIG. 9 is a cross-sectionai view ijlustratir^ the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 8. 

FIG. 10 is a cross-sectional view illustrating the renrKJval of the bottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 9. 

FIG. 1 1 is a cross-secUonal view illustrating the formation of a mono-diameter 
welibore casing that includes a plurality of overtapping nrvono-diameter wellbore 
casings. 

FIG. 12 is a fragmentary cross-secUonal view illustrating the placement of an 
30 alternative embodiment of an apparatus for creating a nfx>no<liameter wellbore casing 
within the wellbore of FIG. 1. 

FIG. 12a is a cross-secUonal view of a portion of the shoe of the apparatus of 
FIG. 12. 

FIG. 12b Is a cross-sectional view of a portion of the shoe of the apparatus of 
35 FIG. 1Z 
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FIG. 12c is a cross-sectional view of another portion of the shoe of the 
apparatusof FIG. 12. 

FIG. 1 2d is a cross-sectional view of another portion of the shoe of tlie 
apparatusof FIG. 12. 

5 FIG. 13 is a fragmentary cross-sectional view illustrating the injection of a 

hardenable fluidic sealing material through the apparatus and into the new section of 
the well t>orehole of FIG. 12. 

FIG. 1 3a Is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 13. 

10 FIG. 14 is a fragmentary cross-sectional view illustrating the injection of a fluidic 

materiial into the apparatus of FIG. 13 in order to fluididy isolate the interior of the shoe. 

FIG. 14a Is a cross-sectbnal view of a portion of the shoe of the apparatus of 
FIG. 14. 

FIG. 15 is a cross-sectional view illustrating the radial expansion of the shoe of 
15 FIG. 14. 

FIG. 16 is a cross-sectional view illustrating the lowering of the expandable 
expansion cone into the radially expanded shoe of the apparatus of FIG. 15. 

FIG. 17 is a cross-secttcmal view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 16. 
20 FIG. 18 is a cross-sectional view illustrating the injection of fluidic material into 

the radially expanded shoe of the apparatus of FIG. 1 7. 

FIG. 1 9 is a cross-sectional view illustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 1 8. 

FIG. 20 is a cross-sectional view illustrating the renrvovat of the bottom pc^on of 
25 the radially expanded shoe of the apparatus of FIG. 19. 

Detailed Description of the Illustrative Embodiments 
Referring initially to FIGS. 1 , 2, 2a, 2b. 2c 2d, 2e, 3. 3a, 3b, 4, 4a, 4b, and 5- 
10, an embodiment of an apparatus and method for fonming a mono-diameter wellbore 
casing within a subterranean formation will now be described. As illustrated in Fig. 1, a 
30 wellbore 100 positioned In a subterranean formation 105. The wellbore 100 includes 
a pre-existing cased section 110 having a tubular casing 115 and an annular outer 
layer 120 of a fluidic seaDng material such as, for example, cement. The wellbore 100 
may be positioned In any orientation from vertical to horizontal. In several altematfve 
embodiments, the pre-existing cased section 110 does not include the annular outer 
35 layer 120. 
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In order to extend the wellbore 100 into the subterranean fbnnation 105, a drill 
string 125 is used In a well known manner to drill out material from the subterranean 
fbnnation 105 to form a new wellt>ore section 130. In a preferred emtxxliment, the 
inside diameter of the new wetll!)ore section 130 is greater than the inside diameter of 

5 the preexisting wellbore c^ing 115. 

As illustrated In FIGS. 2, 2a, 2b, 2c, 2d, and 2e, an apparatus 200 fa forming a 
wellbore casing in a subterranean fomnation is then positioned in the new section 1 30 
of the wellbore 100. The apparatus 200 preferably includes an expansion cone 205 
having a fluid passage 205a that supports a tubular member 210 that indudes a lower 

10 portion 210a, an intermediate portion 210b, an upper portion 210c and an upper end 
portion 21 Od. 

The expansion cone 205 may be any number of conventional comnrterdaHy 
available expansion cones. In several altemative embodiments, the expansion cone 
205 way be controilably expandable In the radial direction, i^r example, as disclosed In 

15 U.S. patent nbs. 5,348,095, and/or 6,01 2,523, the disdosurss of v^ich are 
incorporated herein tiy reference. 

The tubular member 210 may be tebricated finom any number of conventional 
commercially available material such as, for example, Oilfield Country Tubular Goods 
(OCTG), 13 chromium steel tubing/casing, or plastic tubing/casing. Inaprefenned 

20 embodiment, the tubular member 21 0 Is fabricated from OCTG in order to maximize 
strength after expansion. In several altemative embodiments, the tubular member 21 0 
may be solid and/or slotted. For typical tubular member 210 materials, the length of 
the tubuter memt)er 210 is preferably limited to between about 40 to 20,000 feet in 
length. 

25 The lower portion 21 Oa of the tubular member 21 0 preferably has a larger 

inside diameter than the upper portion 210c of the tubular member, in a . preferred 
embodiment, the wall thickness of the intermediate portion 210b of the tubular member 
201 is less than the wall thickness of the upper portion 210c of the tubular member in 
order to fadlitete the Initiation of the radial expansion process. In a prstemed 

30 embodiment, the upper end portion 21 Od of the tubular member 21 0 is slotted. 

perforated, or otherwise nruxlified to catch or slowdown the expansion cone 205 when 
it comptetes the extrusim of tubular member 210. In a preferred embodiment wall 
thickness of the upper end portion 210d of the tubular member 210 is gradually tepered 
in order to gradually reduce the required radial expansion forces during the latter 

35 stages of the radial expanston process. In this manner, shock loading conditions 
during the latter stages of the radial expansion process are at least minimized. 
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A shoe 21 5 is coupled to the lower portion 210a of the tubular m^nt)er. The 
shoe 215 includes an upper portion 215a, an Intermediate portion 215b. and lower 
portion 21 5c having a valveable fluid passage 220 that Is preferably adapted to receive 
a plug, dart or other similar element for controllably sealing the fluid passage 220. In 

5 this manner, the fluid passage 220 may be optimally sealed off by introducing a plug, 
dart and/or ball sealing elements Into the fluid passage 220. 

The upper and lower portions, 215a and 215c of the shoe 21 5 are preferably 
substantially tubular, and ttie intemiediate portion 215b of the shoe is preferably at 
least partially folded inwardly. Furthermore, In a preferred erhbodiment, when the 

10 Intenrtedlate portion 215b of the shoe 215 is unftrfded by the application of fluid 

pressure to tt>e interior region 230 of the shoe, the inside and outside diameters of the 
intermediate portion are preferably both greater than the inside and outside diameters 
of the upper and lower portions, 215a ar^j 215a In this manner, the outer 
circumference of the intennedlate portion 215b of the shoe 215 Is preferably greater 

1 5 ttian the outside circumferences of the upper and lower portions, 21 5a and 21 5b, of the 
shoe. 

In a prefenBd embodiment, the shoe 21 5 further includes one or more ttirough 
and side outiet ports in fluldic communication with the fluid passage 220. In this 
manner, the shoe 215 optimally injects hardenable fluldic sealing material into ttte 
20 region outside the shoe 21 5 and tubular member 210. 

In an attemative embodiment, tiie flow passage 220 is omitted. 

A support member 225 having fluid passages 225a and 225b Is coupled to the 
expansion cone 205 for supporting the apparatus 200. The fluid passage 225a is 
preferably fluidldy coupled to ttie fluid passage 205a. In this manner, fluidic materials 
25 may be conveyed to and from tiie region 230 below the expansion cone 205 and above 
the bottom of tiie shoe 215. The fluid pass^e 225b is preferably fluidldy coupled to 
the fluid passage 225a and includes a conventional control valve. In this manner, 
during plaoement of the apparatus 200 wKhin ttie wellbore 100, surge pressures can be 
relieved by the fluid passage 225b. In a preferred embodiment Vho support member 
30 225 furttier includes one or mam conventional centraHzers (not illMstrated) to help 
stabilize the apparatus 200. 

During plaoement of ttie apparati^ 200 within ttie wellbore 100, ttie fluid 
passage 225a Is preferably selected to transport materials such as, for example, drilling 
mud or formation fluids at flow rates and pressures ranging from about 0 to 3,000 
35 gallons/minute arKi 0 to 9,000 psi In order to minimize drag on ttie tubular member 
being mn and to minimize surge pressures exerted on the wellbore 130 which couM 
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cause a loss of wellbore fluids and lead to hole collapse. During placement of the 
apparatus 200 within the wellbore 100, the fluid passage 225b is preferably selected to 
convey fluidic materials at flow rates and pressures ranging from about 0 to 3,000 
gallons/minute and 0 to 9,000 psi in order to reduce the drag on the apparatus 200 

5 during insertion into the new section 1 30 of the wellbore 1 00 and to minimize surge 
pressures on the new wellbore section 130. 

A cup seal 235 is coupled to and supported by the support member 225. The 
cup seal 235 prevents foreign materials from entering the interior region of the tubular 
nrtember 210 adjacent to the expansion cone 205. The cup seal 235 may be any 

10 number of conventional commercially available cup seals such as, for example, TP 
cups, or Selective Injection Packer (SIP) cups modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the cup seal 235 is a 
SIP cup seal, available from Halliburton Energy Services in Dallas, TX in order to 
optimally block foreign material and contain a body of lubricant (n several alternative 

1 5 embodiments, the cup seal 235 may include a plurality of cup seals. 

One or nrK>re sealing members 240 are preferably coupled to and supported by 
the exterior surfece of the upper end portion 210d of the tubular nrmmber 210. The 
sealing members 240 preferably provide ah overiapping joint between the lower end 
portion 1 1 5a of the casing 1 1 5 and the upper end portion 21 Od of the tubular member 

20 210. The seating nriembers 240 nr)ay be any number of conventional commercially 
available seals such as, for example, lead, mbber, Teflonj or epoxy seals modified in 
accordance with the teachings of the present disctosure. In a preferred embodiment, 
the sealing members 240 are nrx>lded from Stratalock epoxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a load bearing interference 

25 fit between the upper end portran 210d of the tubular member 21 0 and the lower end 
portion 115a of the existing casing 115. 

In a preferred embodiment, the sealing members 240 are selected to optimally 
provkle a suffldent frictkxial force to support the expanded tubular mennt>er 210 from 
the existing casing 115. In a prefened embodiment, the fricQonal force optimally 

30 provkled by the sealing membm 240 ranges from about 1 .000 to 1 ,000,000 Ibf in 
order to optimally support the expanded tubular nrtamber 21 0. 

In an altemative embodiment, the sealing memt>ers 240 are omitted from the 
upper end portton 21 Od of the tubular member 21 0, and a toad bearing metal-to-metdl 
interference fit is provided between upper erxJ portion of the tubular nnemt>er and the 

35 tower end portion 1 1 5a of the existing casing 1 1 5 by plastically defonming and radially 
expanding the tubular nriember into contact with the existing cs^ing. 
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In a preferred embodiment, a quantity of lubricant 245 is provided In the annular 
region above the expansion oone 205 within the interior of the tubular nnember 210: In 
this manner, the extmslon of the tubular memba* 210 off of the expansion cone 205 is 
facilitated. The lubricant 245 may be any number of oonventional connnnercially 



5 available lubricants such as. for example, Lubriplat^ chlorine based lubricants, oil 
based lubricants or Climax 1 500 Antisieze (3100). In a preferred embodiment, the 
lubricant 245 Is Climax 1500 Antisieze (3100) available from aimax Lubricants and 
Equipment Co. In Houston, TX in order to optimally provide optimum lubrication to 
fedlitate the expansion process, 

10 In a preferred embodiment, the support member 225 is thoroughly cleaned prior 

to assembly to the remaining portions of tto apparatus In this manner, the 
introduction of foreign material into the apparatus 200 is minimized. Thte minimizes the 
possibility of foreign material doggir^ the various flow passages and valves of the 
apparatus 200. 

15 In a prefened embodiment, before or after positioning the apparatus 200 within 

the new section 130 of the wellbore 100, a couple of wellbore volumes are circulated in 
order to ensure that no foreign materials are located within the wellbore 100 that might 
dog up the various flow passages and valves of the apparatus 200 and to ensure that 
no foreign material interferes with the expansion process. 

20 As illustrated in FIGS. 2 and 2e. in a preferred embodinr^ent, during placement 

of the apparatus 200 within the wellbore 100, fluldic materials 250 within the wellbore 
that are displaced by the apparatus are at least partially conveyed through the fluid 
passages 220, 205a. 225a. and 225b. In this manner, surge pressures oeated by the 
placement of the apparatus within the wellbore 100 are reduced. 

25 As illustrated in FIGS. 3, 3a, and 3b, the fluid passage 225b is then dosed and 

a hanJenabte fluldic sealing material 255 is then pumped from a surface location into 
the fluid passages 225a and 205a. The material 255 then passes from the fluid 
passage 205a into the Interior region 230 of the shoe 21 5 below the expansion cone 
205. The material 255 then passes from the Interior regton 230 Into the fluid passage 

30 220. The material 255 tl^n exite the apparatus 200 and fills an annular region 260 
between the exterior of the tubular member 21 0 and the Interior wall of the new section 
130 of the wellbore 100. Continued pumping of the material 255 causes the material to 
fill up at least a portion of the annular region 260. 



35 and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1 .500 

gallons/min, respectively. The optimum flow rate and operating pressures vary as a 




The material 255 is preferably pumped into the annular region 260 at pressures 
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function of the casing and wellbore sizes, weltbore section length, available pumping 
equipment, and fluid properties of the fluidic material being pumped. The optimum flow 
rate and operating pressure are preferably detenmined using conventional empirical 
methods. 

5 The hardenable fluidic sealing material 255 may be any number of conventional 

commercialiy a\^ilable hardenable fluidic sealing materials such as. for example, slag 
mix, cement, latex or epoxy. In a preferred embodiment, the hardenable fluidic sealing 
material 255 is a blended cement prepared specifically for the particular y^U section 
being drilled from Halliburton Energy Services in Dallas, TX in order to provide optimal 

1 0 support for tubular member 210 while also maintaining optimum flow characteristics so 
as to minimize difficulties during the displacement of cenrtent in the annular region 260. 
The optimum Mend of the blended cement is preferably detennined using conventional 
err^irical methods. In several alternative embodiments, the hardenable fluidic sealing 
material 255 is compressible before, during, or after curing. 

15 The annular region 260 preferably is filled with the material 255 In sufficient 

quantities to ensure that, upon radial expansion of the tubular member 210, the annular 
region 260 of the new section 1 30 of the wellbore 100 will be filled with the material 
255. 

In an alternative embodiment, the injection of the material 255 into the annular 
20 region 260 is onrtitted, or is provided after the radial expansion of the tubular member 
210. 

As illustrated In FIGS. 4, 4a, and 4b, once the annular region 260 has been 
adequately filled with the material 255, a plug 265, or other similar device, is introduced 
into the fluid passage 220, thereby fluididy isolating the interior region 230 from^e 

25 arinutar region 260. In a prefened embodiment, a non-hardenable fluidic material 270 
is then pimped Into the interior region 230 causing the interior region to pressu^^ In 
this manner, the interior region 230 of the expanded tubular member 210 will not 
OOTtain significant amounts of the cured material 255. This also reduces and simplifies 
the cost of the entire process. Alternatively, the material 255 may be used during this 

30 phase of the process. 

As illustrated in FIG. 5. In a preferred embodiment, the continued Injection of 
the fluidic material 270 preissurizes the region 230 and unfolds the intenmediate portion 
21 5b of the shoe 215. In a preferred embodiment, the outside diameter of the unfolded 
intennediate portion 21 5b of the shoe 21 5 is greater than the outside diameter of the 

35 upper and lower portions, 21 5a and 21 5b, of the shoe. In a prefened embodiment, the 
inside and outside diameters of the unfolded Intenmediate portion 21 Sb of the shoe 215 
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are greater than the inside and outside diameters, respectively, of the upper and lower 
portions, 215a and 215b, of the shoe. In a prefened enttKKtiment, the inside diameter 
of the unfoMed intennediate portion 21 5b of the shoe 21 5 Is substantially equal to or 
greater than the inside diameter of the preexisting casing 1 1 5 in order to optimally 

5 facilitate the formation of a mono-diameter wellbore casing. 

As illustrated in FIG. 6, in a prefened embodiment, the expansion cone 205 is 
then lowered into the unfolded intermediate portion 215b of the shoe 21 5. In a 
preferred embodiment, the expansion cone 205 is lowered into the unfolded 
Intemnediate portion 215b of the shoe 215 until the bottom of the expansion cone is 

10 proximate the lower portion 21 5c of the shoe 21 5. In a preferred embodiment during 
the lowering of the expansion cone 205 into the unfolded IntemDediate portion 215b of 
the shoe 21 5, the material 255 within the annular region 260 andJor the bottom of the 
wellbore section 130 maintains the shoe 215 in a substantially stationary position. 

As illustrated in FIG. 7, in a preferred embodinmnt, the outside diameter of the 

15 expansion cone 205 Is then Increased. In a prefened entbodlment, the outside 
diameter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5,348,095, and/or 6,012,523, the disclosures of which are incorporate herein by 
reference, in a preferred embodiment, the outside diameter of the radially expanded 
expansion cone 205 is substantially equal to the inside diameter of the preexisting 

20 wellbore casing 115. 

In an alternative emt)odiment, the expansion cor>e 205 is not lowered into the 
radially expanded portion of the shoe 215 prior to being radially expanded. In this 
manner, the upper portion 210c of the shoe 210 may be radially expanded by the radial 
expansion of the expansion cone 205. 

25 In another altemative embodiment, the expansion cone 205 is not radially 

expanded. 

As illustrated In FIG. 8, in a preferred embodiment, a fluidlc material 275 Is then 
injected into the region 230 through the fluid passages 225a and 205a. In a preferred 
embodiment, once the interior region 230 becomes sufficiently pressurized, the upper 

30 portion 21 5a of the shoe 21 5 and the tubidar member 21 0 are preferably plastically 
deformed, radially expanded, and extrude off of the expansion cone 205. 
Furthermore, in a preferred embodiment, during the end of the radial expansion 
process, the upper portion 21 Od of the tubular member and the lower portion of the 
preexisting casing 115 that overiap with one another are simultarieously plastically 

35 deformed and radially expanded. In this manner, a mono-diameter wellbore casing 
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may be formed that includes the preexisting wellbore casing 115 and the radially 
expanded tubular member 210. 

During the extrusion process, the expansion cone ^ may be raised out of the 
expanded portion of the tubular member 210. In a prefened embodiment, during the 

5 extmslon process, the expansion cone 205 is raised at approximately the same rate as 
the tubular member 210 is expanded In order to Iceep the tubular member 210 
stationary relative to the new wellbore section 130. In this manner, an overlapping Joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting casing 115 may be optimally formed, in an alternative preferred 

10 embodiment, the expansion cone 205 is maintained in a stationary position during the 
exbusion proosss thereby alloying the tubular member 21 0 to extmde off of the 
expansion cone 205 and Into the new wellbore section 130 under the force of gravity 
and the operating pressure of the interior region 230. 

In a preferred embodiment, when the upper end portion 210d of the tubular 

15 member 210 and the lower portion of the preexteting casing 1 15 that overlap with one 
anoth^ are plastically deformed and radially expanded by the expansion cone 205, the 
expansiOT cone 205 is displaced out of the wellbore 1 00 by both the operating 
pressure within the region 230 and a upwardly directed axial force applied to the 
tubular support memt>er 225. 

20 The overlapping joint between the lower portion of the preexisting casing 1 1 5 

and the radially expanded tubular member 210 preferably provides a gaseous and 
fluidic seal. In a particularty preferred embodiment, the sealing members 245 optimally 
provide a fluidic and gaseous seal in the overlapping joint. In an alternative 
embodiment, the sealing members 245 are omitted. 

25 In a preferred emt>odlment, the operating pressure and flow rate of the fluidic 

material 275 is oontrollably ramped down when the expansion cone 205 reaches the 
upper end portion 21 Od of the tubular member 210. In this manner, the sudden release 
df pressure caused by the complete extrusion of the tubular member 210 off of the 
expansbn cone 205 can be minimized. In a preferred embodiment, the operating 

30 pressure is reduced in a substantially linear fashion from 100% to about 10% during 
the end of the extrusion process beginning when the expansion cone 205 is \Mthin 
about 5 feet from completion of the extrusion process. 

Altematively. or In combination, the wall thickness of the upper end portion 
21 Od of the tubular member is tapered in order to gradually reduce the required 

35 operating pressure for plastically defonming and radially expanding the upper end 
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portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or In combination, a shock absort>er is provkled in the support 
menrtber 225 in order to absorb the shock caused by the sudden release of pressure. 

5 The shock absort>er may comprise, for example, any conventtonal commercially 
availabte shock absorber, bumper sub, or Jars adapted for use in weilbore operattons. 

Alternatively, or in combination, an expansion cone catching structure is 
provided in the upper erid portion 21 Od of the tubular member 210 in order to catch or 
at least decelerate ttie expansion cone 205. 

10 In a preferred embodinnent the apparatus 200 is adapted to minimize tensile, 

burst, and frictkxi effects upon the tubular member 210 during the expansion process. 
These effects will be depend upon the geon^etry of the expansion cone 205, the 
material composKton of the tubular member 210 and expanskm cone 205, the inner 
diameter of the tubular member 21 0, the wall thickness of the tubular member 21 0, the 

1 5 type of lubricant, and the yiekl strength of the tubular member 21 0. In general, the 
thicker the wall thickness, the smaller the inner diameter, and the greater the yieM 
strength of the tubular member 210, then the greater the operating pressures required 
to extrude the tubular member 21 0 off of the expanston cone 205. 

For typical tubular members 21 0, the extrusion of the tubular member 21 0 off of 

20 the expansion cone 205 will begin when the pressure of the interior regton 230 
reaches, for example, approximately 500 to 9,000 psi. 

During the extrusion process, the expansion cone 205 may be raised out of the 
expanded portton of the tubular memt>er 210 at rates ranging, for example, from about 
0 to 5 ft/sea In a prefemed ennbodiment, during the extruston process, the expansion 

25 one 205 Is raised out of the expanded portion of the tubular member 210 at rates 

ranging from about 0 to 2 ft/sec in order to minimize the time required for the expansion 
procete while also penmitting easy control of the expansion process. 

As illiatrated in FIG. 9, once the extrusion process te completed, the expansion 
cone 205 Is rerrxived from the weilt)ore 100, In a preferred embodiment, either before 

30 or after the renrroval of Uie expansion cone 205, the integrity of tt^flukiic seal of ft^ 
overlapping joint between the upper erid portion 21 Od of the tubular member 21 0 and 
the lower end portton 1 1 5a of the preexisting wellt>ore casing 1 1 5 is tested using 
conventional methods. 

In a preferred embodiment, if the fiuidic seal of the overlapping Joint between 

35 the upper end portton 210d of the tubular member 210 and the lower end portion 1 15a 
of the casing 1 15 is satisfectory, then any uncured portton of the arterial 255 within the 
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expanded tMbuiar member 210 Is then removed in a conventional manner such as, for 
example, circulating the uncured material out of the interior of the expanded tubular 
member 210. The expansion cone 205 is then pulled out of the wellbore section 1 30 
and a drill bit or mill is used in combination with a conventional drilling assembly to drill 
5 out any hardened material 255 within the tubular memba* 21 0. In a preferred 
embodiment, the material 255 within the annular region 260 is then allowed to fully 
cure. 

As illustrated In FIG. 10, the bottom portion 215c of the shoe 215 may then be 
removed by drilling out the bottom portion of the shoe using conventional drilling 

10 methods. The wellbore 100 may then be extended in a conventional manner using a 
conventional drilling assembly. In a prefemed mibodiment. the inside diameter of the 
extended portion of the wellbore 100 is greater than the inside diameter of the radially 
expanded shoe 215. 

As illustrated in FIG. 1 1 , the method of FIGS. MO may t>e repeatedly 

1 5 performed in order to provide a mono-diameter wellbore casing that includes 

overlapping wellbore casings 1 15 and 210a*210e. The wellbore casing 115, and 210a- 
210e preferably include outer annular layers of fluldic sealing rrraterial. Alternatively, 
the outer annular teyers of fluldic sealing material may be omitted, in th» manner, a 
mono-diameter wellbore casing may be fbmned within the subtenanean fomnation that 

20 extends for tens of thousands of feet More generally still, the teachings of FIGS. 1-11 
may be used to fomn a mono-dlametar wellbore casing, a pipeline, a structural support, 
or a tunnel within a subterranean fbnnation at any orientation from tiie vertical to the 
horizontal. 

In a preferred embodiment, ttie formation of a mono-diameter wellbore casing, 
25 as illustrated in FIGS. 1*1 1 , Is further provided as disclosed In one or more of the 
following: (1) U.S. patent application serial no. 09/454,139, attomey docket no. 
25791 .03.02, fited on 12/3/1999, (2) U.S. patent application serial no. 09/510.913, 
attomey docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502,350, attomey docket no. 25791 .8.02. filed on 2/10/2000, (4) U.S. patent 
30 application serial no. 09/440.338, attomey docket no. 25791.9.02, filed on 11/15/1999, 
(5) U.S. patent application serial no. 09/523,460. attomey docket no. 25791.11.02, fited 
on 3/10/2000, (6) U.S. patent application s^l no. 09/512.895. attomey docket no. 
25791.12.02, filed on 2/24/2000. (7) U.S. patent application serial no. 09/511,941, 
attomey docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial 
35 no. 09/588.946, attomey docket no. 25791 .1 7.02, filed on 6^/2000, (9) U.S. patent 
appltaation serial no. 09/559.122. attomey docket no. 25791.23.02. filed on 4/26/2000, 
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(10) PCT patent application serial no. PCTAJSOO/18635, attorney dodcet no. 
25791 .25.02. filed on 7/9/2000, (11) U.S. provisional patent application serial no. 
60/162.671. attorney docket no. 25791.27. filed on 1 1/1/1999, (12) U.S. provisional 
patent application serial no. 60/154,047. attorney docket no. 25791 .29, filed on 
5 9/16/1999, (13) U.S. provisional patent appllcatton serial no. 60/159,082, attcvney 
docket no. 25791.34, filed on 10/12/1999, (14) U.S. provistonal patent application serial 
no. 60/159.039. attorney dcfcket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159.033, attorney docket no. 25791.37. filed 
on 10/12/1999, (16) U.S. provistonal patent appllcatkm serial no. 60/212,359, attorney 

1 0 docket no. 25791 .38^ filed on 6/1 9/2000, (1 7) U.S. provistonal patent application serial 
no. 60/165.228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. 
provisional patent applicatloii serial no. 60/221.443, attorney docket no. 25791.45, filed 
on 7/28/2000, (19) U.S. provisional patent application serial no. 60/221,645, attorney 
docket no. 25791 .46. filed on 7/28/2000, (20) U.S. provisional patent applteatton serial 

1 5 no. 60/233.638. attorney docket no. 25791 .47. filed on 9/18/2000. (21 ) U.S. provisional 
patent application serial no. 60/237,334. attorney docket no. 25791 .48, filed on 
10/2^000, and (22) U.S. provistonal patent applicatkm serial no. 60^2,434. attorney 
docket no. 25791.51. filed on 1/17/2001. the disctosures of which are incorporated 
herein by reference. 

20 Referring to FIGS. 1 2, 12a, 1 2b, 1 2c, and 1 2d. in an alternative embodiment, an 

apparatus 300 for foniilng a mono<iiameter wellborB casing is posittoned within the 
wellbore casing 1 15 that is substantially Mentical In design and operation to the 
apparatus 200 except that a shoe 305 Is substituted for the shoe 215. 

In a prefened embodiment, ttte shoe 305 includes an upper portton 305a. an 

25 intermediate portton 305b, and a tower portton 305c having a valveabie fluid passage 
310 VnaA is preferably adapted to receive a plug, dart, or other similar element fbr 
controliably sealing ttie fluid passage 310. In this manner, the fluid passage 310 may 
be optimally sealed off by introducing a plug, dart and/or ball sealing elemants into the 
fluid passage 310. 

30 The upper and tower portions, 305a and 305c, of ttie shoe 305 are preferably 

substantially tubular, and ttie intermediate portton 305b of ttie shoe includes 
corrugations 305ba-305bh. Furttiennore, In a prefiBned embodiment, when the 
intennediate portion 305b of the shoe 305 is radially expanded by ttie application of 
fluid pressure to the interior 315 of ttie shoe 305. ttie Inside and outsMe diameters of 

35 the radially expanded intemnediate portion are preferably botti greater ttun ttie inside 
and outside diameters of the upper and lower portions, 305a and 305c. In ttiJs manner. 
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the outer circumference of the intermediate portion 305b of the shoe 305 is preferably 
greater than the outer drcumferenoes of the upper and lower portions, 305a and 305c 
of the shoe. 

In a preferred embodiment, the shoe 305 further includes one or more through 

5 and side outlet ports in fluidic communicatton with the fluid passage 310. In this 
manner, the shoe 305 optimally Injects hardenable fluidic sealing material into the 
region outside the shoe 305 and tubular member 210. 

In an alternative embodiment the flow passage 310 is omitted. 

In a preferred embodiment, as illustrated in FIGS. 12 and 12d. during 

10 placement of the apparatus 300 within the wetlbore 100, fluidic materials 250 within the 
welibore that are displaced by the apparatus are conveyed through the fluid passages 
310. 205a, 225a, and 22Sb. In this manner, surge pressures created by the placement 
of the apparatus within the welibore 100 are reduced. 

In a preferred embodiment, as illustrated in FIG. 13 and 13a, the fluid passage 

15 225b is then closed and a hardenable fluidic sealing nnaterial 255 Is then pumped from 
a surface location into the fluid passages 225a and i205a. The material 255 then 
passes from the fluid passage 205a into the interior region 315 of the shoe 305 below 
the expansion cone 205. The material 255 then passes from the interior region 31 5 
into the fluid passage 310. The material 255 then exits the apparatus 300 and flils the 

20 annular region 260 between the exterior of the tubular member 21 0 and the interior wall 
of the new section 130 of the welibore 100. Continued pumping of the material 255 . 
causes the material to fill up at least a portion of the arinular region 260. 

The material 255 is preferably pumped into the annular region 260 at pressures 
and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1 ,500 

25 gallons/min, respectively. The optimum flow rate and operating pressures vary as a 
function of the casing and welibore sizes, welibore section length, available pumping 
equipment, and fluid properties of the fluidic material being pumped. The optinrujm flow 
rate and operating pressure are preferably determined using conventional empirical 
methods. 

30 . The hardenable fluidic sealing material 255 may be any number of conventional 
commercially available hardenable fluidic sealing matertetis such as, for example, slag 
mix, cenr^nt, latex or epoxy. In a preferred embodiment, the hardenable fluidic sealing 
material 255 is a blended cement prepared spetiflcaily for the particular well section 
being drilled from Halliburton Energy Sendees in Dallas, TX in order to provide optimal 

35 support for tubular member 210 while also maintaining optimum flow characterfetics so 
as to minimize difficulties during the dteplacement of cement in the annular region 260. 
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The optimum blend of the blended cement is preferably detennined using conventional 
empirical methods. In several alternative embodiments, the hardenabie fluidic seaiing 
material 255 is compressible before, during, or after curing. 

The annular region 260 preferably is filled with the material 255 in sufficient 
5 quantities to ensure that, upon radial expansion of the tubular member 210, the annular 
region 260 of the new section 130 of the wellbore 100 will be filled witt) ttw material 
255. 

in an altemativis emlxxiiment ttie injection of the material 255 into the annular 
region 260 is omitted. 

10 As illustrated in FIGS. 14 and 14a, once the annular region 260 has been 

adequately filled with tiie material 255, a plug 265, or oVher simitar device, is introduced 
into the fluid passage 310, thereby fiuididy isolating the interior region 315 from tite 
annular region 260. In a preferred embodiment, a nonrhanienable fluidic material 270 
is then pumped into the interior regton 315 causing tiie interior region to pressurize. In 

1 5 ttiis manner, the interior region 31 5 will not contain significant amounts of ttie cured 
material 255. This also reduces and simplifies tiw cost of Uie entire process. 
Alternatively, the material 255 may be used during tills phase of ttie proo^. 

As illustrated In FIG. 15, in a prefenBd embodiment, ttie continued injection of 
ttie fluldfc material 270 pressurizes ttie region 315 and unfolds ttie oomigations 305ba- 

20 305bh of ttie Intermediaite portion 305b of ttie shoe 305. In a prsfened embodiment 
ttie outside diameter of ttie unfolded intermediate portion 305b of ttie shoe 305 is 
greater than ttie outside diameter of ttie upper and lower portions, 305a and 305b, of 
the shoe. In a preferred embodiment, tiie inside and outside diameters of ttie unfolded 
Intemnediate portion 305b of ttie shoe 305 are greater than ttie inside and outside 

25 diameters, respectively, of the upper and lower portions, 305a and 305b, of ttie shoe. 
In a prefenred embodiment, ttie inside diameter of ttie unfolded intemiediate portion 
305b of the shoe 305 is substantially equal to or greater ttian ttie inside diameter of ttie 
preexisting casing 305 in order to optimize ttie formation of a mono-diameter wellbore 
casing. 

30 As illustrated in FIG. 16, in a prefened embodiment ttie expansion cone 205 is 

ttienk>wered into the unfolded interniediate portico 305b of ttie shoe 305. In a 
preferred embodiment, ttie expansion cone 205 is lowered into ttie unfolded 
Intermediate portion 305b of the shoe 305 until ttw bottom of ttie expansion cone is 
proximate the lower portion 305c of ttie shoe 305. In a preferred embodiment, during 

35 the lowering of the expansion cone 205 Into the unfolded Intemiediate portion 305b of 
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the shoe 305, the material 255 within the annular region 260 maintains the shoe 305 in 
a substantially stationary position. 

As illustrated in FIG. 17, in a preferred emtKxJiment, the outside diameter of the 
expansion cone 205 is then increased. In a preferred embodiment, the outside 
5 diameter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5,348,095, and/or 6,012,523, the disdosures of which are incorporate herein by 
reference. In a preferred embodiment, the outside dianrater of the radially expanded 
expansion cone 205 Is substantially equal to thei inside diameter of the preexisting 
wellbore casing 115. 

10 In an alternative embodirmnt, the expansion oone 205 is not lowered into the 

radially expanded portion of the shoe 305 jpttor to being radially expanded. In this 
manner, the upper portion 305c of the shoe 305 may be radially expanded by the radial 
expansion of the expansion cone 205. 

In another aitemattye embodiment, the expansion cone 205 is not radially 

15 expanded. 

As illustrated In FIG. 18, in a preferred embodiment, a fluidic material 275 is 
then injected into the region 315 through the fluM passages 225a and 265a. In a 
preferred embodiment, once the interior region 315 becomes sufficiehtly pressurized, 
the upper portion 305a of the shoe 305 and the tubular member 210 are preferably 

20 plastically defonmed, radially expanded, and extruded off of the expansion cone 205. 
Furthemtore, in a preferred embodinrwnt, during the end of the radial expansion 
process, the upper portion 210d of the tubular member and the lower portion of the 
preexisting casing 115 that overtap witti one another are simultaneously plastically 
defonned and radially expanded. In this manner, a nrono-diameter wellbore casing 

25 may be fonmed that includes the preexisting wellbore casing 115 and the radially 
expanded tubular member 210. 

During the extrusion process, tt)e expansion oone 205 may be raised out of the 
expanded portion of the tubular member 210. In a preferred embodiment, during the 
extrusion process, the expansion cone 205 is raised at approximately the same rate as 

30 the tubular member 210 is expanded in order to keep the tubular member 21 0 

stattonary relative to tiie new wellbore section 130. In this manner, an overlapping joint 
between ttie radially expanded tubular memb^ 210 and the lower portion of the 
preexisting casing 115 may be optimally fonmed. In an altemative prefenned 
embodinnent, the expansion cone 205 is maintained in a stationary petition during the 

35 extrusion process thereby allowing the tubular member 210 to exbude off of the 
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expansion cone 205 and into the new wellbore section 1 30 under the force of gravity 

and the operating pressure of the interior region 230. 

In a prefened emtxxiiment, when the upper end portion 21 Od of the tubular 

member 210 and the lower portion of the preexisting casing 115 that overlap with one 
5 another are plastically defbmned and radially expanded by the expansion oone 205, the 

expansion cone 205 Is displaced out of the wellbore 100 by both the operating 

presdure within the region 230 and a upwardly directed axial force applied to the 

tubular support member 225. 

The overlapping joint between the lower portion of the preexisting casing 115 
10 and the radially expanded tubular member 210 preferably provides a gaseous and 

fluidic seal. In a particutarty preferred embodiment, the sealing memt)ers 245 optimally 

provide a fluidic and gaseous seal in the overlapping Joint In an alternative 

embodiment, the seating niembers 245 are omitted. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic 
15 material 275 is controllabty ramped down when the expansion cone 205 reaches the 

upper end portion 21 Od of the tubular member 210. In this manner, the sudden release 

of pressure caused by the complete extn^ion of the tubular member 210 off of the 

expansion cone 205 can be minimized. In a preferred embodiment, ttie operating 

pressure is reduced in a substantially linear fashton from 100% to about 10% during 
20 ttie end of the extrusion process beginning when the expansion cone 205 Is within 

about 5 feet from completion of flie extmsion process. 

Alternatively, or in combination, ttra wall tiiickness of the upper end portion 

21 Od of the tubular member is tapered in order to gradually reduce the required 

operating pressure for plastically deforming and radially expanding the upper end 
25 portion of the tubular member. In ttiis manner, shock loading of the apparatus may be 

at least partially minimized. 

Alternatively, or in combination, a shock absort>er Is provided In the support 

member 225 in order to absorb ttie shodc caused by the sudden release of pressure. 

The shodc absort>6r may comprise, for example, any conventional commercially 
30 available shock absort)er adapted for use in wellbore operations. 

Alternatively, or in combination, an expansion cone catching structure is 

provided in the upper end portion 21 Od of tiie tubular member 210 in order to catch or 

at least decelerate the expansion cone 205. 

In a preferred embodiment, Vhe apparatus 200 is adapted to minimize tensile, 
35 burst, and friction effects upon ttie tubular member 210 during the expansion process. 

These effects will be depend upon the geometry of the expansion cone 205, the 
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material composition of the tubular member 210 and expansion oone 205, the Inner 
diameter of the tubular member 210. the wall thickness of the tubular member 210, the 
type of lubricant, and the yield strength of the tubular rmmber 210. in ger>eral, the 
thicker the wall thickness, the smaller the inner diameter, and the greater the yield 

5 strength of the tubular nrrember 21 0, then the greater the operating pressures required 
to extrude the tubular member 210 off of the expansion cone 205. 

For typical tubular members 210, the extru8k>n of the tubular member 210 off of 
the expansion cone 2(^ will begin when the pressure of the intertor regk>n 230 
reach^, for example, approximately 500 to 9,000 psi. 

10 During the extnjsk>n process, the expansion oone 205 may be raised out of the 

expanded portton of the tubular member 210 at rates ranging, for example, from about 
0 to 5 fl/sec. in a preferred embodiment, during the extoision process, the expar^ion 
cone 205 is raised out of the expanded portion of the tubular member 21 0 at rates 
ranging from about 0 to 2 ft/sec in order to minimize the time required for the expansion 

1 5 process while also permitting easy .control of the expansion process. 

As illustrated In FIG. 19, once the extruston process is completed, the 
expansion oone 205 is removed from the wellbore 100. In a preferred embodin^nt, 
either before or after the removal of the expansk>n cone 205, the integrity of the fluidic 
seal of the overtapping Joint between the upper end portton 21 Od of the tubular member 

20 210 ami the tower end portion 1 1 5a of the preexisting wellbore casing 1 15 is tested 
using conventtonal methods. 

in a preferred embodiment, if the fluidic seal of the overiapping Joint between 
the upper end portton 210d of the tubular member 21 0 and the lower end portion 1 1 5a 
the casing 1 1 5 Is satisfectory , then any uncured portton of the material 255 within the 

25 expanded tubular member 21 0 is then renrK>ved In a conventtonal manner such as, for 
exanipie, circulating the uncured material out of the interior of the expanded tubular 
member 210. The expansion oone 205 is then pulled out of the wellbore section 130 
and a drill bit or mill is used in combination with a conventkmal drilling assembly to drill 
out any hardened material 255 within the tubular member 210. In a preferred 

30 embodiment, the material 255 within the annular regton 260 is then allowed to fully 
cure. 

As illustrated in FIG. 20, the bottom portion 305c of the shoe 305 may then be 
renK)ved by drilling out the bottom portion of the shoe using conventional drilling 
methods. The wellbore 1(X) may then be extended in a conventional manner using a 
35 conventtonal drilling assembly. In a prefenred embodlnrmnt, the inside diameter of the 
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extended portion of the wellbore is greater than the inside dianieter of the radially 
expanded shoe 305. 

The method of FIGS. 12-20 may be repeatedly perfonrted in order to provide a 
mono-diameter wellbore casing that includes overiapping wellbore casings. The 

5 overtapping wellbore casing preferably include outer annular layers of fluldic sealing 
material. Altematively, the outer annular layers of fluidic sealing material nr^y be 
onrtitted. In this manner, a mono-diameter wellbore casing nnay be fanned within the 
subtenanean fbrmatioh that extends for tens of thousands of feet More generally still, 
the teachings of FIGS. 12-20 may be used to fom a nrano-diameter wellbore casing, a 

1 0 pipeline, a structural support or a tunnel within a subterranean fomnation at any 
orientation from the vertical to the horizontal. 

In a prefened embodiment, the fbnnation of a mono-diameter wellbore casing, 
as illustrated In FIGS. 12-20, is furtiier provided as disclosed in one or wore of the 
following: (1) U.S. patent application serial no. 09/454,1 39, attorney docket no. 

1 5 25791 .03.02, filed on 1 2/3/1 999, (2) U.S. patent application serial no. 09/51 0,91 3. 
attonwy docket no. 25791 .7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440,338, attomey docket no. 25791.9.02, filed on 11/15/1999, 
(5) U.S. patent application serial no. 09/523,460, attorriey docket no. 25791 .1 1 .02, filed 

20 on 3/10/2000, (6) U.S. patent application serial no. 09/512,895, attomey docket no, 
25791 .12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1 ,941 , 
attomey docket no. 25791 .16.02, filed on 2G4/2000, (6) U.S. patent application serial 
no. 09/588,946, attomey docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent 
application serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, 

25 (10) PCT patent applicatton serial no. PCT/USOO/18635, attomey docket no. 
25791.25.02, filed on 7/9/2000, (11) U.S. proviskmal patent application serial no. 
60/162,671 . attomey docket no. 25791 .27, filed on 1 1/1/1 999, (12) U.S. provisional 
patent application serial no. 60/154,047, attomey docket no. 25791.29, filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attomey 

30 docket no. 25791 .34, filed on 10/12/1999, (14) U.S. proviskmal patent application serial 
no. 60/159,039. attomey docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159,033, attomey docket no. 25791 .37, filed 
on 10/12/1999, (16) U.S. provisional patent application serial no. 60/212,359, attomey 
docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisk)nal patent application serial 

35 no. 60/165.228, attomey docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. 

provistonal patent application serial no. 60/221,443, attomey docket no. 25791.45, filed 
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on 7^8/2000, (19) U.S. provisional patent application serial no. 60/221,645, attorney 
docket no. 25791.46, filed on 7/28/2000. (20) U.S. provisional patent application serial 
no. 60/233.638, attorney docket no. 25791.47. filed on 9/18/2000. (21) U.S. provistonal 
patent application serial no. 60/237,334, attorney docket no. 25791.48, filed on 

5 10/2/2000, and (22) U.S. provisional patent application serial no. 60/262,434. attorney 
docket no. 25791.51, filed on 1/17/2001, the disctosures of which are incorporated 
herein by reference. 

In several alternative embodimente, ttie apparatus 200 and 300 are used to 
form and/or repair wellbore casings, pipelines, and/or structural supports. 

1 0 In several attemattve emt>odlmente. ttie folded geometries of ttie shoes 21 5 and 

305 are provided In accordance with the teachings of U.S. Patent Nos. 5,425,559 
and/or 5.794,702, the disdc^ures of which are incorporated herein by reference. 

An apparatus for forming a wellbore casing In a borehole located in a 
subterranean formation including a preexisting wellbore casing has been described that 

15 includes a support member including a first fluid passage, an expansion cone coupled 
to the support member lrK:luding a second fluid passage flukiidy ooupted to the first 
fluid passage, an expandable tubular liner movably coupled to the expansion cone, and 
an expandable shoe coupled to the expandable tubular liner. In a preferred 
embodiment, the expansion cone is expandable. In a preferred embodiment, the 

20 expandable shoe includes a valveabie fluid passage for controlling the flow of fluklic 
materials out of the expandabte shoe. In a preferred embodiment, the expandable 
shoe includes: an expandable portion and a remaining portion, wherein the outer 
drcumference of the expandable portion Is greater than the outer circumference of the 
remaining portion. In a preferred embodinDent, the expandabte portion indudes: one or 

25 more inward folds. In a preferred embodiment, ttie expandable portion indudes: one or 
more oonrugations. In a preferiBd embodiment the expandable shoe indudes: one or 
more inward fdds. In a preferred embodiment, the expandable shoe indudes: one or 
more corrugations. 

A shoe has also been described that indudes an upper annular portion, an 
30 intermediate annular portion, and a lower annular portion, wherein the intermediate 
annular portion has an outer drcumference that is larger than the outer drcumferenoes 
of the upper and lower annular portions. In a preferred embodiment, the lower annular 
portion Indudes a valveabie fluid passage for controlling the flow of fluidic materials out 
of tiie shoe. In a preferred embodiment, the intermediate portion indudes one or more 
35 inward folds. In a preferred embodiment, the intermediate portion indudes one or more 
corrugations. 
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A method of forming a wellbore casing In a subterranean fomiation having a 
preexisting wellbore casing positioned In a borehole has ateo been described that 
includes Installing a tubular liner, an expansion cone, and a shoe in the borehole, 
radially expanding at least a portion of the shoe by injecting a fluldic material into the 
5 shoe, and radially expanding at least a portion of the tubular liner by injeding a fluldic 
material into the borehole below the expansion cone. In a preferred embodiment, the 
method further includes radially expanding the expansion cone. In a prefsnBd 
embodiment, the method further includes towering the expansion cone into the radially 
expanded portion of the shoe, and radially expanding the expansion cone. In a 

10 preferred embodiment, the method further includes, radially expanding at least a portion 
of the shoe and the tubular liner by Injecting a fiuidic material into the borehole below 
the radially expanded expansion cone. In a prefenred embodiment the method further 
indudes injecting a hardenable fluidic sealing material into an annuius between the 
tubular liner and the borehole. In a prefened embodiment, the method further indudes 

15 radially expanding at least a portion of the preexisting wellbore casing. In a prefenned 
embiodiment the method further indudes overiapping a portion of the radially 
expanded tubular liner with a portion of the preexisting wellbore casing, in a prefened 
embodiment, the inside diameter of the radially expanded tubular liner is substantially 
equal to the inside diameter of a nonoveriapping portion of the preexisting wellbore 

20 casing, in a prefened embodiment, the method further indudes applying an axial force 
to the expansion cone, in a prefenred embodiment the Inside diameter of the radially 
expanded shoe is greater than or equal to the inside diameter of the radially expanded 
tubular liner. 

An apparatus for fomting a wellbore casing in a subterranean formation having 
25 a preexisting wellbore casing p€)sition6d in a borehole has also been described that 
indudes means for Installing a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of the tubular liner. In a prefened embodiment the 
apparatus further indudes means for radially expanding the expansion cone. In a 
30 prefened embodiment the apparatus further indudes means for lowering the 

expansion cone Into the radially expanded portion of the shoe, and means for radially 
expanding the expansion cone. In a preferred embodiment the apparatus further 
indudes means for Injecting a fluidic material into the borehole below the radially 
expanded expansion cone. In a preferred embodiment the apparatus further Indudes 
35 means for injecting a hardenable fluidic sealing material Into an annuius between the 
tutxjlar liner and the bor^ole. In a prefenred embodiment, the apparatus further 
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indudes means for radially expanding at least a portion of the pree^stihg wellbore 
casing. In a prefemed emt)odiment, the apparatus furtt^er includes ineans for 
overtapptng a portion of the radially expanded tubular liner with a portion of the 
preexisting wellbore casing. In a prefenred embodiment, the inside diameter of the 

5 radiaily expanded tubular liner is substantially equal to the inside diameter of a 

nonoverlapping portion of the preexisting wellbore casing. In a preferred embodiment, 
the apparatus further includes means for applying an axial force to the expansion cone. 
In a prefenred embodiment, the Inside diameter of the radially expanded shoe is greater 
than or equal to the inside diameter of the radially expanded tubular liner. 

10 An apparatus for forming a wellbore casing within a subtenanean formation 

including a preexisting wellbore casing positioned in a borehole has also been 
described that indudes a tubular liner and means for radially expanding and coupling 
the tubular liner to an overlapping portion of the preexisting wellbore casing. The 
inside diameter of the radially expanded tubular liner Is substentialty equal to ttie inside 

1 5 diameter of a non-overlapping portion of the preexisting wellbore casing. 

A wellbore casing positioned in a borehole within a subterranean fbnnation has 
also been described that indudes a first wellbore casir^ and a second weilbore casing 
coupled to and overlapping with the first weilbore casing, wherein the second wellbore 
casing is coupled to the first wellbore casing by the process of: instelling the second 

20 v^llbore casing, an expanston cone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by Injecting a fluMic material into the shoe, and radially 
expanding at least a portion of the second wellbore casing by injecting a fluldic material 
into the borehde below the expansion cone. In a prefened embodiment, the process 
for forming the wellbore casing further indudes radially expanding the expansion cone. 

25 in a preferred embodiment the process for fomning the wellbore casing further indudes 
lowering the expansion cone into the radially expanded portion of the shoe, and radially 
expanding the expansion cone. In a preferred embodiment, the prxess for forming the 
wellbore casing further indudes radially expanding at least a portion of the shoe and 
the second wellbore casing by injecting a fluldic material Into the borehde below the 

30 radtelty expanded expansion cone. In a preferred embodiment, the process for forming 
the wellbore casing further indudes Injecting a hardenable fiuidic sealing material into 
an annuius between the second wellbore casing and the borehde. In a preferred 
embodiment, the process for fomrdng the wellbore caslr^ further indudes radially 
expanding at least a portion of the first wellbore casing. In a preferred embodiment, 

35 the process for forming the wellbore casing further indudes overlapping a portion of the 
radially expanded second wellbore casing with a portion of the first wellbore casing. In 
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a prBferred embodiment, the inside diameter of the radially expanded second wellt>ore 
casing is 8ut)8tantially equal to the inside diameter of a nonoveriapping portion of the 
first weilbore casing. In a preferred embodiment, the process for fonmlng the wellbore 
casing further includes applying an axial force to the expansion cone. In a preferred 
5 embodiment, the inside diameter of the radially expanded shoe is greater than or equal 
to the inside diameter of the radially expanded second wellbore casing. 

A method of forming a tubular structure in a subterranean fonmation having a 
preexisting tubular member positioned in a borehole has also been described that 
includes installing a tubular liner, an expansion cone, and a shoe in the borehole, 

10 radially expanding at least a portion of the shoe by injecting a fluidic material into the 
shoe, and radially expanding at least a portion of the tubular liner by injecting a fluidic 
material Into the borehole below the expansion cone. In a prefened embodiment, the 
method further includes radially expanding the expansion cone. In a prefen^ 
embodiment, the method further includes lowering the expansion cone into the radially 

1 5 expanded portion of the shoe, and radially expanding the expansion cone. In a 

preferred embodiment, the method further includes radially expanding at least a portion 
of the shoe and the tubular liner by Injecting a fluidic material into the borehole below 
the radially expanded expansion cone. In a preferred embodiment the method further 
includes injecting a hardenable fluidic sealing material into an annulus between the 

20 tubular liner and the borehole. In a preferred embodin)ent, the method further includes 
radially expanding at least a portion of the preexisting tubular member. In a preferred 
embodiment, the method further includes overlapping a portion of the radially 
expanded tubular liner with a portion of the preexisting tubular member. In a preferred 
embodiment the inside diameter of the radially expanded tubular liner is substantially 

25 equal to the inside diameter of a nonoveriapping portion of Vt\e preexisting tubular 
member. In a prefenred embodiment, the method further includes applying an axial 
force to the expansion cone, in a preferred embodlnnent the Inside diameter of the 
radially expanded shoe is greater than or equal to the inside dianDeter of the radially 
expanded tubular liner. 

. 30 An apparatus for forming a tubular structure in a subtenanean fonnation having 

a preexisting tubular member positioned In a borehole has also been described that 
includes means for installing a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of the tubular liner. In a preferred embodiment, the 

35 apparatus further includes means for radially expanding the expansion cone. In a 
preferred embodiment, the apparatus further includes means for lowering the 



27 



9xpansion oone into the radially expanded portion of the shoe, ^nd means for radially 
expanding the expansion oone. In a preferred enibodiment, the apparatus further 
includes nneans for injeding a fluidic material into the borehole below the radially 
expanded expansion oone. In a preferred embodiment, the apparatus further indudes 

5 means for Injecting a hardenable fluldic sealing material into an annulus between ttie 
tubular liner and the borehole. In a pr^eirred embodlnnent, the apparatus further 
indudes means for radially expanding at least a portion of the preexisting tubular 
member, in a preferred embodiment, the apparatus further indudes nneans for 
overlapping a portion of the. radially expanded tubular llrter with a portion of the 

10 preexisting tubular member. In a preferred embodinnent, the insMe diameter of the 
radially expanded tubular liner is substantially equal to the inside dian^eter of a 
nonoverlapplng portion of the preexisting tubular member. In a prefenred embodiment, 
the apparatus further indudes means for applying an axial force to the expansion cone. 
In a preferred embodiment, the inside diameter of the radially expanded shoe is greater 

1 5 than or equal to the inside diameter of the radially exparKled tubular liner. 

An apparatus for forming a tubular structure within a subteoBnean formation 
induding a preexisting tubular memt>er positioned in a borehole has also been 
described that indudes a tubular Hner and means for radially expanding and coupling 
the tubular liner to an overiapping portion of the preexisting tubular member. The 

20 inside diameter of the radially expanded tubular liner Is substantially equal to the inside 
diameter of a rK)n-over1apping portion of the preexisting tubular member. 

A tubular structure positioned in a borehole within a subterranean formation has 
also been described that Indudes a first tubular member and a second tubular member 
coupled to and overlapping with the first tubular merhber, wherein the second tubular 

25 member Is coupled to the first tubular member by the process of: installirig the second 
tubular member, an expansion cone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by injeding a fluidic material into the shoe, and radially 
expanding at least a portion of the second tubular nDember by injecting a fluidic material 
into the borehde below the expansion cone. In a preferred embodiment, the process 

30 for fbmning the tubular structure further indudias radially expanding the expansion cone, 
in a preferred embodiment, Vha process for forming the tubular structure further 
indudes lowering the expansion cone into the radially expanded portton of the shoe, 
and radially expanding the expansion oone. In a preferred embodinr^nt, the process 
for forming the tubular structure further indudes radially expanding at least a portion of 

35 the shoe and the second tubular n>ember by injecting a fluidic nnateriai into the 

borehole below the radially expanded expansion cone. In a preferred emt>odtment, the 
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process for forrning the tubular structure further includes injecting a hardenable fluidic 
sealing nnaterial into an annulus between the second tubular member and the borehole. 
In a preferred embodiment, the process for forming the tubular structure further 
includes radially expanding at least a portion of this first tubular member. In a preferred 

5 embodiment, the process for forming the tubular structure further includes overlapping 
a portion of the radially expanded seicond tubular member with a portion of the first 
tubular member. In a preferred embodiment, the inside diameter of the radially 
expanded second tubular memt^r is substantially equal to the inside diameter of a 
nonovertapping portion of the first tubular member. In a prefenred embodiment the 

10 process for fbnning the tubular structure further includes applying an axial force to the 
expansion cone, in a preferred embodiment, the inside diameter of the radially 
expanded shoe is greater than or equal to the inside diarmter of the radially expanded 
second tubular member; 

Although illustrative embodiments of the invention have been shown and 

15 described, a wide range of modificatioh, changes and substitution is contemplated in 
the foregoing disclosure, in sorrra instances, some features of tT^ present invention 
may be employed without a conresponding use of the other features. Accordingly, it is 
appropriate that the appended dainrts be construed broadly and in a manner consistent 
with the scope of the invention. 
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CLAIMS 

1. A shoe, comprising: 

an upper annular portion; 

an Intennedlate annular portion coupled to the upper annular portion; and 
5 a lower annular portion coupled to the intemnediate portion; 

wherein the Intermediate annular portion has an outer drcunnference that is 
larger than the outer drcumferenoes of the upper and lower annular portions. 

2. The shoe of dalm 1 , wherein the lower annular portion indudes a valveal>le fluid 
1 0 passage for controlling the flow of fluidic materials out of the shoe. 

3. The shoe of daim 1 , wherein the intermediate portion indudes: 
one or mors irtward folds. 

1 5 4. The shoe of daim 1 , wherein the intermediate portion indudes: 
one or more corrugations. 

5. A shoe, comprising: 

an upper annular portion; 
20 an intermediate annular portion coupled to the upper annular portion induding 

one or more inward folds; and 

a lower annular portion coupled to the intennedlate portion induding a 
valveable fluid passage for controlling the flow of fluidic materials out of the shoe; 
wherein the intennediate annular portion has an outer drcunnference that is 
25 larger than the outer drcumferenoes of the upper and lower annular portions. 
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Claims 

1 . An apparatus for forming a wellbore casing in a borehole located in a 
subterranean formation including a preexisting wellbore casing, comprising: 

5 a support member including a first fluid passage; 

an expansion cone coupled to the support noenit}er including a second fluid 

passage fluldidy coupled to the first fluid passage; 
an expandable tubular liner rrovably coupled to the expansbn cone; and 
an expandable shoe coupled to the expandable tubular liner. 

10 

2. The apparatus of daim 1 , wherein the expansion cone is expandable. 

3. The apparatus of daim 1, wherein the expandable shoe indudes a vah^ble fluid 
passage for controlling the flow of fluidic materials out of the expandable shoe. 

15 

4. TTie apparatus of daim 1 , wherein the expandable shoe indudes: 
an expandable portion; and 

a remaining portion coupled to the expandable portion; 
wherein the outer drcumferenoe of the expandable portion Is greater than the 
20 outer drcumferenoe of the remaining portion. 

5. The apparatus of daim 4, wherein the expandable portion indudes: 
one or more inward folds. 

25 6. The apparatus of daim 4, wherein the expandable portion indudes: 
one or more corrugattons. 

7. The apparatus of daim 1 , wherein the expandable shoe indudes: 
one or more inward folds. 

30 

8. The apparatus of daim 1 , wherein the expandable shoe indudes: 
one or more oorrugatior^. 



9. 
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A shoe, comprisir^g: 
an upper annular portion; 

an intenmediate annular portion coupled to the upper annular portion; and 
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a lower annular portion coupled to the intennediate portion; 

wherein the intermediate annular portion has an outer circumference that is 

larger than the outer drcunrrferences of the upper and lower annular 

portions. 

5 

10. The shoe of dalm 9, wherein the lower annular portion includes a vatveable fluid 
passage for controlling the flow of fluidic materials out of the shoe. 

1 1 . The shoe of dalm 9, wherein the intermediate portion indudes: 
10 one or nrore inward folds. 

12. The shoe of dalm 9, wherein the Intermediate portion indudes: 
one or more comigations. 

15 13. A method of fomning a wellbore casing in a subtenanean formation having a 
preexisting welltx)re casing positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expandirig at least a portion of the shoe by Injecting a fluidic material 
into the shoe; and 

20 radially expanding at least a portion of the tubular liner by injecting a fluidic 

material into the borehole below the expansion cone. 

14. The method of dalm 13, further comprising: 
radially expanding the expansion cone. 

25 

1 5. The method of daim 1 3, further comprising: 

Idwering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

30 1 6. The method of daim 1 5, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by Injecting 
a fluidic material Into the borehole below the radially expanded 
expansion cone. 



35 17. 



The method of daim 13, further comprising: 
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injecting a hardenable fluidic sealing material into an annuliis between the 
tubular finer and the borehole. 

IB. Themethodofdaim 13, further comprising: 
5 radialty expanding at least a portion of the preexisting wellbore casing. 

1 9. The method of dalm 1 8, further comprising: 

overiapping a portion of the radially expanded tubular liner with a portion of the 
preexisting wellbore casing. 

10 

20. The method of daim 19» wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to or greater than the inside diameter of a 
nonoverlapping portion of the preexisting wellbore casing. 

15 21. Themethod of daim 18, further comprising: 
applying an axial force to the expansion cone. 

22. The method of daim 13, wherein ttie inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 

20 expanded tubular liner. 

23. An apparatus for fonning a wellbore casing in a subterranean fomnation having a 
preexisting wellbore casing positioned In a borehole, comprising: 

means for installing a tubular liner, an expansion cone, and a shoe in the 
25 borehole; 

means for radially expanding at least a portion of tiie shoe by injecting a fluidic 

material into the shoe; and 
means for radially expanding at least a portion of the tubular liner by injecting a 

fluidic mat^al into Uie borehole below the expansion cone. 

30 . 

24. The apparatus of daim 23, further comprising: 
means for radially expanding the expansion cone. 

The apparatus of daim 23. further comprising: 

means for lowering the expansion cone into the radially expanded portion of the 
shoe; and 
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means for radially expanding the expansion cone. 

26. The apparatus of daim 25, further comprising: 

means for Injecting a fluidic material into the t)orehole below the radially 
5 expanded expansion cone. 

27. The apparatus of daim 23. further comprising: 

means for injecting a hardenable fluidic sealing material into an annuius 
t>etween the tubular liner and the borehole. 

10 

28. The apparatus of daim 23, further comprising: 

means for radially expanding at least a portton of the preexisting wellbore 
casing. 

1 5 29. The apparatus of daim 28, further comprteing: 

means for overiapping a portion of the radially expanded tubular liner with a 
portion of the preexisting wellbore casing. 

30. The apparatus of daim 29, wherein the inside diameter of the radially expanded 
20 tubular liner ts substantially equal to tiie inside diameter of a nomyveriapping portion of 

the preexisting wellbore casing. 

31. The apparatus of daim 28, further comprising: 
means for applying an axial force to the expansion cone. 

25 

32. The apparatus of daim 23, wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 
expanded tubular lir>er. 

30 33. An apparatus for forming a wellbore casing within a subtenBnean formation 
induding a preexisting wellbore casing positioned in a borehole, comprising: 
a tubular linen and 

means for radially expanding and coupling the tubular liner to an overiapping 
portion of the preexisting wellbore casing; 
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wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the Inside dianneter of a non-overlapping portion of 
the preexisting wellbore casing. 

5 34. A wellbore casing positioned in a borehole within a subterranean fonrnation, 
comprising: 

a first wellbore casir^; and 

a second wellbore casing coupled to and overlapping writh the first wellbore 
casing; 

1 0 wherein the second wellbore casing Is coupled to the first wellbore casing by 

the process of: 

installing the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by Injecting a fluidic 
1 5 material Into the shoe; and 

radially exparuling at least a portion of the second wellbore casing by 

injecting a fluidic material into the borehole below the expansion 

cone. 

20 35. The wellbore casing of daim 34. wherein the process further comprises: 
radially expanding the expansion cone. 

36. The wellbore casing of daim 34, v^erein the process further comprises: 
lowering the expansion cone into the radially expanded portion of the shoe; and 

25 radially exparKlir^ the expansion cone. 

37. The wellbore casing of daim 36» wherein the process further comprises: 
radially expanding at least a portion of the shoe and the second wellbore casing 

by injecting a fluidic material into the borehole below the radially 
30 exparKled expansion oone. 

38. The wellbore casing of daim 34, v^erein the process further comprises: 
injecting a hardenable fluidic sealing material into an annulus between the 

second wellbore casing and the torehoie. 
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39. The wellbore casing of daim 34, wherein the process further comprises: 



35 

radially expanding at least a portion of the first wellt)ore qasing. 



40. The weilbore casing of daim 39, wherein the process further comprises: 

overlapping a portion of the radially expanded second weilbore casing with a 
5 portion of the first weilbore ceding. 

41 . The weilbore casing of daim 40, wherein the inside diameter of the radially 
expanded second weilbore casing is substantially equal to the inside diameter of a 
nonoveriapping portion of the first weilbore casing. 

10 

42. The weilbore casing of daim 39, wherein the process further comprises: 
applying an axial force to the expansion cone. 

43. The weilbore casing of daim 34, wherein the inside diameter of the radially 
1 5 expanded shoe is greater than or substantially equal to the Inside diameter of the 

radially expanded second weilbore casing. 

44. A method of forming a tubular structure in a subterranean ifbrmation having a 
preexisting tubular member positioned in a borehole, comprising: 

20 ir)stalling a tubular liner, an expansion cone, and a shoe in \he borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic notarial 
into the shoe; and 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material Into the borehole below the expansion cone. 

25 

45. The method of daim 44, further comprising: 
radially expanding the expansion cone. 

46. The method of daim 44, further comprisir^: 

30 lowering the expansion pone into the radially expanded portion of the shoe; and 

rad»lly exparKling the expansion cone. 

47. The method of daim 46, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
35 a fluidic material into the borehole t>elow the radially expanded 

expartslon cone. 
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48. The method of daim 44, further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the 
tubular liner and the borehole. 

5 

49. The method of daim 44, further comprising: 

radially expanding at least a portion of the preexisting tubular mefTA)er. 

50. The nrtethod of daim 49, further comprising: 

1 0 overiapping a portion of the radially expanded tubular liner with a portion of the 

preexisting tubular member to provide a load bearing interiace and a 
fluidic seal. 

51 . The method of daim 50, wherein the inside diameter of the radially expanded 
15 tubular liner is substantially equal to the irislde diameter of a nonoveriapping portion of 

the preexisting tubular member. 

52. The method of daim 49, further comprising: 
applying an axial force to the expansion cone. 

20 

53. The method of daim 44, wherein the Inside diameter of the radially expanded 
shoe is greater than of substantially equal to the inside diameter of the radially 
expanded tubular liner. 

25 54. An apparatus for forming a tubular structure in a subterranean fomnation having a 
preexisting tubular member positioned in a borehole, comprising: 

means for installing a tubularliner, an expansion cone, and a shoe in the 
t>orehole; 

means for radially expanding at least a portion of the shoe; and 
30 means for radially expanding at least a portion of the tubular liner. 

55. The apparatus of daim 54, further comprising: 

PDeans for radially expanding the expansion cone. 



35 56. The apparatus of daim 54, further comprising: 



37 

means for lowering the expansion cone into the radially expanded portion of the 
shoe; and 

means for radially expandlr^ the expansion cone. 

5 57, The apparatus of dalm 56, further comprising: 

means for irtjecbng a fluidic material into the t>orehole t>elow the radially 
expanded expansion cone. 

The apparatus of dalm 54, further comprising: 
means for injecting a hardenable flutdic sealing material into an annulus 
between the tubular Hner and the borehole. 

The apparatus of dalm 54, further comprising: 
means for radially expanding at feast a portion of the preexisting tubular 
member. 

The apparatus of daim 59, further comprising: 
nrteans for overiapping a portton of the radially expanded tubular liner with a 
portion of the preexisting tubular member to provide a load bearing 
interfece and a fluidic sedl. 

61 . The apparatus of dalm 60, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to the inside diameter of a nonoveriapping portion of 
the preexisting tubular member. 

25 

62. The apparatus of daim 59, further comprising: 

means for applying an axial force to the expansion cone. 

63. The apparatus of dalm 54, wherein the inside diameter of the radially expanded 
30 shoe is greater than or substantially equal to the inside diameter of the radially 

expanded tubular liner. 

64. An apparatus for forming a tubular structure within a subterranean formation 
induding a preexisting tubular member positioned in a borehole, comprising: 

35 a tubular liner; ar)d 



58. 

10 



59. 

15 



60. 
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means for radially e)?)anding and coupling the tubular liner to an overlapping 

portion of the preexisting tubular member, 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the Inside diameter of a non-overlapping portion of 

the praexisting tubular member. 

65. A tubular structure positioned in a borehole within a subterranean formation, 
comprising: 

a first tubular memben and 

a second tubular member coupled to and overlapping with the first tubular 
member; 

vi^erein the second tubular niember is cQupied to the first tubular member by 
the process of: 

installing the second tubular member, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 

material Into the shoe; and 
radially expanding at least a portion of the second tubular mentf)er by 

injecting a fluidic material into the borehole below the expansion 

cone. 

66. The tubular stmcture of daim 65, wherein the process further comprises: 

radially expanding the expanston cone. 

67. The tubular structure of daim 65, wherein the process further comprises: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

68. The tubular structure of daim 67, wherein the process further comprises: 

radially expanding at least a portion of the shoe and the second tubular member 
by injecting a fluidic material Into the borehole below the radially 
expanded expansion cone. 



The tubular structure of daim 65. wherein the process further comprises: 
injecting a hardenable fluidic sealing material into an annulus between the 
second tubular member and the borehole. 
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70. The tubular structure of daim 65, wherein the process further comprises: 
radially expanding at least a portion of the first tubular niember. 

5 71 . The tubular structure of daim 70, wherein the process further comprtees: 

overiapping a portion of the radially expanded second tubular member with a 
portion of the first tubular member. 

72. The tubular stmcturs of daim 71 , wherein the inside dlaPDeter of the radially 
10 expanded second tubularmember is substahUaily equal to the inside diameter of a 

nonovertapping portion of the first tubular menrtber. 

73. The tubular structure of daim 70, wherein the process further comprises: 

applying an axial force to the expansion cone. 

15 

74. The tubular stmcture of daim 65, wherein the inside diameter of the radially 
expanded shoe Is greater than or subsiantialiy equal to the inside diameter of the 
radially expanded second tubular member. 

20 75. An apparatus for forming a wellbore casing In a borehole located in a 
subterranean formation induding a preexisting wellbore casing, comprising: 
a support member Induding a first fluid passage; 
an expandable expansion cone coupled to the support member induding a 
second fluid passage fluididy coupled to the first fluid passage; 
25 an expandable tubular liner movaUy coupled to the expansion cone; and 

an expandable shoe coupled to the expandable tubular liner comprising: 

a valveable fluid passage for controlling the flow of fluidic materials out 

of the expandable shoe; 
an expandable portion induding one or more Inward folds; and 
30 a remaining portion ooiq)ied to the expandable portion; 

wherein the outer drcumlerenoe of the expandable portion is greater 
than the outer drcumference of the remaining portion. 

76. A shoe, comprising: 
35 an upper annular portion; 
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an intermediate annular portion coupled to the upper annular portion induding 

one or nnore Inward folds; and 
a lower annular portion coupled to the Intermediate portion including a 

valveable fluid passage for controlling the flow of fluidic materials out of 
5 the shoe; 

wherein the intemoediate annular portion has an outer drcunnferenoe thiat is 

larger than the outer drcumfererices of the upper and lower annular 

portions. 

10 77. A method of fbnming a wellbore casing in a subterranean fbmiation having a 
<^ preexisting wellbore casing positioned In a borehole, comprising: 

Installing a tubular liner, an expansion cone, and a shoe in the borehoiia; 
radially expanding at least a portion of the shoe by injecting a fiuidic material 
into the shoe; 

15 lowering the expansion cone into the radially exf^nded portion of the shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole betow the expansion cone; and 

overlapping a portion of the radially expanded tubular liner with a portion of the 
20 preexisting wellbors casing; 

wherein the inside diameter of the radially expanded shoe is greater than or 
substantially equal to the inside diameter of the radially expanded 
tubular liner, and 

wherein the inside dianneter of the radially expanded tubular liner is 
25 substantially equal to or greater than the inside diameter of a nonoverlapping 

portion of the preexisting wellborB casing. 

78. An apparatus for fomiing a wellbore casing in a subterranean fonnation having a 
preexisting wellbcm casing positioned in a borehole, comprising: 
30 means for installing a tubular liner, an expansbn cone, and a shoe in the 

tx)rBhole; 

means for radially expanding at least a portion of the shoe by injecting a fluidic 

material Into the shoe; 
means for lowering the expansion cone into the radially expanded portion of the 
35 shoe; 

means for radially expanding the expansion cone; 
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means for radially expanding at least a portion of the tubular liner by injecltng a 
fluidic material into the borehole below the radially expanded expansion 
oone; 

means for radially expanding at least a portion of the preexisting wellbore 
casing; and 

means for overlapping a portion of the radially expanded tubular liner with a 

portion of the preexisting wellbore casing; 
wherein the Inside diameter of the radially expanded shoe is greater than or 

substantialty equal to the inside diameter of the radially expanded 

tubular linen and 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoveriapping portion of 

the preexisting wellbore casing. 

79. A wellbore casing positioned in a borehole within a subterranean fomnation, 
comprising: 

a first wellbore casing; and 

a second wellbore casing coupled to and overlapping with the first wellbore 
casing; 

wherein the second wellbore casing is coupled to the first wellbore casing by 
the process of: 

installing the second wellbore casing, an expansion cone, and a shoe In 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; 
lowering the expansion oone into the radially expanded portion of the 

shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the second wellbore casing by 
injecting a fluidic material into the borehole below the radially 
expanded expansion cone; and 

overiapping a portion of the radially expanded second wellbore casing 
with a portion of the first wellbore casing; 
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wherein the inside diameter of the radially expanded shoe is greater 
than or substantially equal to the inside diameter of the radially 
expanded second weilbore casing; and 

wherein the inside dianreter of the radially expanded second weilbore 
casing is substantially equal to the inside diameter of a 
nonoverlapping portion of the first weilbore casing. 

80. A method of fonning a tubular structure in a subterranean fonnation having a 
preexteting tubular member, positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe in fhe borehole; 
radially expanding at least a portion of tiie shoe by injecting a fluidic material 
Into the shoe; 

lowering ttie expansion cone into the radially expanded portion of the shoe; 
radially expanding tiie expansion cone; 

radially expanding at least a portion of the tubular liner by injecting a fiutdic 
material into tiie borehole below tt>e radially expanded expansion cone; 
and 

overtapping a portion of the radially expanded tubular liner witti a portion of ttie 
preexisting tubular member to provide a load bearing interface and a 
fluidic seal; 

wherein the inside diarr^ter of the radially expanded shoe is greater than or 

substantially equal to the inside diameter of the radially expanded 

tubular linen and 
wherein the inside diameter of the radially expanded tubular liner is 

sut>stantially equal to the inside diameter of a nonoverlapping portion of 

the preexisting tubular memt)er. 

81. An apparatus for forming a tubular structure in a subterranean fbnnation having a 
preexisting tubular member positioned in a borehole, comprising: 

means for installing a tubular liner, an expansion cone, and a shoe in tiie 
t>orehole; 

nmans fbr radially expanding at least a portion of the shoe; 
means fbr lowering the expansion cone into the radially expanded portion of the 
shoe; 

means fbr radially expanding the expansion cone; 

means for radially expanding at least a portion of the tubular liner, and 
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means for overiapping a portion of the radially expanded tubular liner with a 

portion of the preexisting tubular member to provide a load bearing 

interface and a fluidic seal; 
wherein the inside diameter of the radially expanded shoe is greater than or 

substaritlalty equal to the inside dianr>eter of the radially exparkled 

tubular liner, and 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoveriapping portion of 

the preexisting tubular member. 



10 



82. A tubular stmcture positioned In a borehole within a subterranean formation, 
comprising: 

a first tubular member; and 

a second tubular memb^ coupled to and overlapping with the first tubular 
15 member, 

wherein the second tubular member is coupled to the first tubular memt>er by 
the process of: 

installing the second tubular member, an expansion cone, and a shoe In 
the borehole; 

20 radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; 
lowering the expansion cone into the radially expanded portion of the 
shoe; 

radially expanding the expansion cone; 
25 radially expanding at least a portion of the second tubular member by 

injecting a fluidic material into the bor^ole t)elow the radially 
expanded expansion cone; and 
overiapping a portion of the radially expanded second tubular member 
with a portion of the first tubular memt>er; 
30 wherein the inside dianrieter of the radially expanded shoe is greater 

than or substantially equal to the inside diameter of the radially 
expanded second tubular member, and 
wherein the inside diameter of the radially expanded second tubular 
member is substantially equal to the inside diameter of a 
35 nonoveriapping portion of the first tubular member. 




Application No: GB0423418.3 Examinen JDCantrell 

Claims seardied; 1 - 5 Date of search: 11 November 2004 

Patents Act 1977: Search Report under Section 17 



iVwniTiw.nf«! constdered to he relevant: 



Category 


Relevant 
to claims 


Identity of document and passage or figure of particular relevance 






Noi^ 



Categories: : 

X r><>niTTyTir iP^g«tififl Uck ftf wwftlty Of iflwenrive A Doctnnatt indicating tedn»lo^ 

giep of tbeut 

Y Docu!nM<i»iicatinglM*<rfinvcrtive§^ P DociimertpuWiAodonoraftotodecli^ 

cwidriiKdwtth one or mcne other documciiB^ before the filing date <rf tint invcitioii. 

tame catCigory. 

& Member of the tame pttemfiunily B patcii documeiE jniWiahfid on after, but with priori^ 

caiiier 'h'n. the fiKng date of fln« application. 

Field of Sfearch: ^ 
Search of GB. BP, WO AOS patemdocoments classified in tefoUow^ * 

lElF . I 
Woridwide search of patem documents classified in the fb to ^ 

E21B ' I 

mfonowiiwonliiie and odier databases have been used in die 

I ONUNeTePODOC, PAJ> WPI J 



An Executive Agency of the Department offtadc and Industry 



BEST AVAILABLE IMAGES 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP ROTTr^n* r.r. 

«^ 1 I ur, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
a^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□lines or marks on original document 
^™nce(s) or exhibitcs) submitted are poor ,ualitv 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY 

the IFW Image'ai^Mri,^^^^^^^^^^ ''^'^ P-'"-^ '<> 



